Quantifying the bioadhesive properties of surface-modified polyurethane-urea nanoparticles in the vascular network.
Nanomedicine research is currently requiring new standard methods to quantify the biocompatibility and bioadhesivity of emerging biomaterials designed to be used in contact with blood or soft tissues. In this study, we used biotinylated polyurethane-urea nanoparticles as a model to examine the applicabitility of an adapted hemagglutination assay to quantify the bioadhesive potential of these nanoparticles to red blood cells and, in turn, to extrapolate this data to vascular endothelial cells. We demonstrated that biotinylated nanoparticles adsorb to human erythrocytes and preferentially gather in erythrocyte contact areas. Moreover, these nanoparticles promoted a higher percentage of pig and human erythrocyte agglutination than naked polyurethane-urea nanoparticles in a biotin concentration-dependent manner. Conversely, pegylated nanoparticles were used as a negative control of the technique thus showing decreasing hemagglutination values as compared to naked nanoparticles until a minimum threshold. Furthermore, hemagglutination assay demonstrated an excellent positive correlation with bioadhesion quantification in human endothelial cells and the endothelial layer of pig aorta thus validating the hemagglutination assay described here as a useful method for predicting nanoparticle bioadhesivity to vascular endothelium. Therefore, the methodology described here is a versatile and straightforward method that allows evaluating the bioadhesive features of surface-modified polyurethane-urea nanoparticles in contact with blood and the vascular network and appears as a powerful tool to better design any drug delivery systems or implantable devices for biomedical applications.